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Methods: Single	 implants	were	 immediately	placed	 to	 replace	a	hopeless	maxil-
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1  | INTRODUC TION
Immediate	 implant	placement	has	become	a	predictable	procedure	








bone	around	the	 implant,	but	 this	 failed	to	hold	 true,	as	evidenced	
by	 preclinical	 (Araujo,	 Linder,	 &	 Lindhe,	 2011)	 as	 well	 as	 clinical	
(Botticelli,	Berglundh,	&	Lindhe,	2004)	studies.	Alveolar	bone	contin-
ues	to	remodel	after	an	implant	is	placed	in	a	fresh	socket.	A	recent	










the	 major	 confounders	 that	 influences	 the	 outcome.	 Immediately	
placed	 implants	 have	 a	 tendency	 to	 shift	 facially	 compared	 with	


































thetic	 scores,	 marginal	 bone	 level	 changes	 on	 2‐dimensional	 radio-
graphs	and	crestal	bone	changes	based	on	CBCT	analysis.
2  | MATERIAL S AND METHODS
2.1 | Patient selection criteria
The	study	was	approved	under	 the	number	HUM00070747	by	 the	
University	 of	 Michigan	 Institutional	 Review	 Board	 (IRB)	 and	 regis-


























Practical implications:	 Immediate	 implant	 placement	 can	
maintain	 stable	 vertical	 soft	 tissue	 level	 compared	 with	
pre‐extraction	level.	Immediate	provisionalization	may	not	
provide	additional	aesthetic	benefits.




















At	 the	 pre‐implant	 visit,	 every	 eligible	 tooth	 was	 measured	 for	
pocket	 depth,	 plaque	 index,	 gingival	 index,	 pink	 aesthetic	 score	
(PES)	 (Furhauser	 et	 al.,	 2005)	 and	 width	 of	 keratinized	 mucosa.	
One	 periodontist	 (HW)	 atraumatically	 extracted	 all	 the	 hopeless	



























were	 placed	 and	 post‐implant	measurement	 was	 carried	 out.	 The	
following	radiographic	analysis	and	data	statistics	were	completed	
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by	concealing	the	corresponding	clinical	data	from	the	independent	
examiner	 to	 avoid	 bias	 towards	measurement.	Calibrated	 exercise	
and	custom‐made	stent	training	were	performed	before	the	study.
The	 test	 implants	 were	 restored	 immediately	 by	 a	 prostho-
dontist	 (FG)	 with	 a	 pre‐fabricated	 titanium	 temporary	 abutment	













2.3 | Primary and secondary outcome measures
The	 primary	 outcome	 is	 the	 mid‐facial	 mucosal	 level	 changes.	 A	
single	calibrated	examiner	(HC)	performed	all	the	clinical	measure-











width.	 At	 T1 and T2,	 in	 addition	 to	 previously	 mentioned	 param-









Schein	 Inc.).	 An	 independent	 calibrated	 examiner	 (IW)	 measured	
mesial	and	distal	marginal	bone	level	with	built‐in	analysis	software	
on	a	27‐inch	computer	screen	in	an	independent	room	designed	for	
F I G U R E  2  Clinical	photographs	demonstrating	the	treatment	
steps	and	relatively	stable	soft	tissue	levels	for	both	the	test	and	
control	groups
F I G U R E  3  Radiographs	demonstrating	the	marginal	bone	level	
at	baseline,	type	of	intervention	delivered	at	baseline	and	at	the	
final	visit





estimate	 for	 each	 implant.	Using	 the	 automated	 imaging	 software	
(Invivo	Dental	5,	Anatomage),	 voxel‐based	 superimposition	of	 two	
serial	 CBCT	 scans	 was	 performed	 to	 linearly	 measure	 the	 spatial	
(vertical	 and	 horizontal)	 changes	 in	 alveolar	 bone	 crest	 and	 bone	





























TA B L E  1  Baseline	demographic	and	clinical	parameters
(Mean ± SD) Test (n = 18)
Control 
(n = 20) p‐value
Age 60.4 ± 12.0 57.9	±	15.0 0.57
Gender	(male/female) 8/10 10/10 0.73
M‐D	socket	width 6.4 ± 1.2 6.5	±	1.5 0.71
B‐L	socket	width 7.2 ± 2.2 7.8 ± 2.2 0.72
KG	width 5.3	±	1.7 6.1 ± 1.8 0.18
Mid‐facial	KG	
thickness
0.6 ± 0.2 0.7 ± 0.4 0.38
Buccal	bone	dehis-
cence	depth
1.0 ± 1.1 0.5	±	0.7 0.08
Implant	apico‐coronal	
position
2.7 ± 0.7 3.4	±	0.6 0.004* 
Buccal	gap 2.6 ± 0.8 2.7 ± 0.8 0.8
*indicates	significant	difference	between	two	groups	(p	<	0.05).	















statistically	 significant	 differences	 in	 subject	 background	 informa-
tion	 and	 potential	 confounding	 factors	 between	 the	 two	 groups,	
except	for	vertical	 implant	position	(Table	1).	The	implant	platform	
level	from	the	facial	mucosal	level	was	2.7	±	0.7	and	3.4	±	0.6	mm,	
respectively	 (p	 =	0.004).	All	 implants	 in	both	groups	were	grafted	
with	human	allograft	particles	in	buccal	gaps.	Changes	at	T1 and T2 in 
mid‐facial	mucosa	level	and	papilla	level	compared	with	the	baseline	




0.1	±	0.7	mm	 in	 the	 control	 group.	The	 results	 of	 two‐way	mixed	
ANOVA	 showed	 there	 was	 no	 statistically	 significant	 interaction	
between	 the	 intervention	 (group)	 and	 time	 on	 mid‐facial	 reces-
sion	(p	=	0.93).	There	was	no	significant	difference	in	the	mid‐facial	
mucosal	 level	 at	 the	different	 time	points	 (p	 =	0.11)	 and	between	
the	 groups	 (p	 =	 0.97)	 (Figure	4).	After	 adjustment	 for	 vertical	 po-
sition	 of	 implant,	 there	 was	 no	 statistically	 significant	 difference	
of	mid‐facial	recession	between	two	group	at	T1	(p	=	0.86)	and	T2	






in	 the	 test	 group	 (p	 =	 0.5).	 There	 was	 a	 significant	 difference	 in	
mesial	papilla	 recession	between	 two	groups	at	T1	 (p	=	0.04),	but	
not	at	the	T2	stage	(p	=	0.21)	(Figure	4).	When	examined	the	mean	
distal	papilla	height	change	at	T1 and T2,	 there	were	no	significant	
interactions	between	group	and	time	(p	=	0.68),	within	both	groups	
at	different	 time	points	 (p	=	0.33)	and	between	groups	 (p	=	0.32).	
Both	sides	of	papilla	failed	to	demonstrate	significant	difference	be-
tween	groups	 after	 adjusting	 the	 vertical	 position	of	 implant.	 The	
mean	marginal	bone	 level	change	at	T1 and T2	 compared	with	 the	
baseline	bone	level	was	0.7	±	0.6	and	0.8	±	0.7	mm	in	the	test	group	
and	0.6	±	0.6	and	0.8	±	0.6	in	the	control	group.	Two‐way	ANOVA	





















at	 T1	 presented	with	 reduction	 of	 0.6	 ±	 0.7	 versus	 0.7	 ±	 0.5	mm	
compared	 with	 pre‐extraction	 outer	 bone	 plate	 (test	 vs.	 control,	
respectively).	The	horizontal	resorption	of	buccal	bone	plate	at	the	
implant	platform	amounted	to	23.9%	(test)	and	22.4%	(control).	All	
the	peri‐implant	bone	 thickness	or	 reduction	of	bone	 thickness	at	
TA B L E  2  Comparison	of	buccal	and	palatal	bone	thickness	at	4	months	post‐implant	(T1)	at	different	levels	above	implant	platform	and	
the	reduction	of	thickness	compared	to	pre‐extraction	(T0)	outer	surface	of	bone	plate
 
Implant to pre‐extraction outer 
surface of bone plate
Post‐implant bone thickness 
(mm)
Reduction after implant placement in mm (per‐
centage of reduction %)
Test Control p‐value Test Control p‐value Test Control p‐value
Buccal	bone	thick-
ness	at	0	mm
2.7 ± 0.9 3.3	±	0.9 0.66 2.3	±	1.4 2.5	±	1.2 0.66 0.6	±	0.7	(23.9%) 0.7	±	0.5	(22.3%) 0.66
2 mm 3.3	±	1.3 3.2	±	1.0 0.9 2.9 ± 1.7 2.7 ± 1.2 0.74 0.5	±	0.6	(23.1%) 0.5	±	0.5	(16.2%) 0.73
4 mm 2.6 ± 1.6 2.7 ± 1.1 0.87 2.3	±	1.7 2.1 ± 1.2 0.58 0.4	±	0.5	(21.4%) 0.5	±	0.5	(18.6%) 0.85
6 mm 2.5	±	1.8 2.3	±	1.3 0.81 2.2 ± 1.8 1.9 ± 1.2 0.54 0.3	±	0.5	(21.1%) 0.5	±	0.5	(18.6%) 0.26
8 mm 2.3	±	1.7 2.1 ± 1.2 0.72 2.1 ± 1.7 1.7 ± 1.2 0.41 0.1	±	0.6	(16.4%) 0.4	±	0.4	(15.2%) 0.23
Palatal	bone	thick-
ness	at	0	mm
1.3	±	1.0 1.3	±	0.6 0.97 1.1 ± 1.0 1.0	±	0.5 0.68 0.3	±	0.4	(18.1%) 0.4	±	0.5	(28.0%) 0.34
2 mm 2.1 ± 1.4 2.2 ± 0.9 0.88 2.0	±	1.3 1.9 ± 0.9 0.85 0.1	±	0.3	(3.4%) 0.2	±	0.3	(12.4%) 0.20
4 mm 2.7 ± 1.6 2.7	±	1.3 0.99 2.7	±	1.5 2.6	±	1.3 0.96 0.1	±	0.2	(1.0%) 0.1	±	0.2	(2.6%) 0.81
6 mm 3.4	±	1.8 3.5	±	1.7 0.94 3.4	±	1.8 3.4	±	1.8 0.99 0.02	±	0.1	(0.4%) 0.06	±	0.8	(0.2%) 0.57
8 mm 4.7	±	2.5 4.3	±	2.6 0.66 4.7	±	2.5 4.7 ± 2.4 0.94 0	(0%) 0	(%) –
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different	 levels	of	2‐mm	interval	above	the	implant	platform	failed	
to	show	a	significant	difference	between	two	groups;	furthermore,	







Aesthetic	 outcomes	 of	 immediately	 placed	 implants	 and	 immedi-
ate	 provisionalization	 have	 recently	 been	 a	 popular	 topic	 of	 inter-
est.	 Immediate	 implant	 placement	 was	 reported	 to	 be	 associated	
with	 a	 higher	 risk	 of	 mucosal	 recession	 (Cosyn	 et	 al.,	 2012;	 Kan,	
Rungcharassaeng,	 et	 al.,	 2011).	 Immediate	 provisionalization	 was	
thought	to	provide	physical	support	for	facial	mucosal	level;	however,	
limited	evidence	 (Block	et	 al.,	 2009)	 showed	benefit	of	 immediate	
provisionalization	 on	maintaining	mid‐facial	mucosal	 level.	 Results	
from	 this	 study	demonstrated	 that	at	12	months,	 there	 is	minimal	








immediate	 provisionalization	 fails	 to	 provide	 additional	 aesthetic	




In	 this	 study,	 implants	 were	 placed	 on	 average	 2.7	 mm	 from	 the	
buccal	plate	and	the	gap	was	filled	with	particulate	bone	allograft,	















of	 unnecessary	 occlusal	 trauma	 that	may	 cause	 implant	 to	 fail.	 In	










other	 groups	 (Chen,	 Darby,	 Reynolds,	 &	 Clement,	 2009;	 Cosyn	 et	
al.,	2011;	Kan,	Rungcharassaeng,	et	al.,	2011)	by	the	benefit	of	high	

































power	 in	 examining	 the	 influence	of	marginal	 bone	 level	 changes.	
The	most	probable	reason	for	early	failure	is	excessive	occlusal	load	











and	 functional	 outcomes	 of	 single	 immediate	 implant	 placement	
with	or	without	immediate	provisionalization	in	the	aesthetic	zone	in	
short	term.	Both	groups	resulted	in	minimal	changes	in	marginal	level	
and	 papilla	 height,	 compared	with	 pre‐extraction.	 Immediate	 pro-
visionalization	did	not	 show	better	 aesthetic	outcomes	 than	using	
flared	healing	abutment.
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